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Abstract 

Ground and spacecraft based polarization observations of Menus had 
detected the signature of the so called 1-micron radius cloud particles 
that constitute the main cloud deck on Menus, as well that of 
sub-micron sized particles that form a haze above this main cloud layer. 

Whether such observations showed any local clustering or organization 
in the polarimetry data remained uncertain until the relatively high 
resolution observations from the Pioneer Menus Orbiter Cloud 
Photopolarimeter (OCPP) became available. This investigation concerned 
itself towards studying the available polarization data from this 
instrument to see whether local organization was present, to study the 
morphology of such features or polarization clouds, and finally, to see 
if they can be followed in a sequence of observations to study their 
motions. 

The results are as follows: <i> the polarization observations do 
show local, organized features whose morphology is similar to that of 
the ultraviolet clouds, <ii) their lifetimes (for features of several 
thousand km size) is at least on the order of a day, (iii) the large 
scale features show the same retrograde motions as do the ultraviolet 
clouds. The speed of such movements is approximately 100 ms-i t quite 
comparable to that of the ultraviolet clouds, (iv) the direction of 
polarization <i.e. the angle which the electric field vector makes with 
the local scattering plane) also shows "features" which are correlated 
with the polarization features as well as the ultraviolet clouds, at 


Polarization Features on Venus 


ORIGINAL PAGE fg 3 
OF POOR QUALITY 

some phase angles. (v) the contrast, defined in terms of tha dapartura 
from a simple -cattaring law such as Minnaert's scattering law, shows 
that it is maximum around 60o phase angle and then gradually decreases 
with higher and lower phase angles. The contrast reaches a value of 
about 38 / at the shortest wavelength at maximum. 
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1. Introduction 

Polarization studies of Venus have been crucial in learning the 
nature of the clouds on Venus. The ability to obtain a decent phase 
angle coverage from earth based telescopes albeit at relatively low 
spatial resolution has been a deciding factor in these studies (Lyot 
(1929), Hansen and Hovenier (1974), Kawabata and Hansen (1977), Travis 
(1977), Dollfus et al. (1979), Lane (1979), Esposito and Travis, 1982. 
Almost all of these studies however were restricted to finding the 
microphysical properties of the clouds and haze layers on Venus. The 
relatively high spatial resolution for polarimetry data offered by the 
Pioneer Venus Cloud Photopolarimeter (OCPP) has been beneficial in this 
regard as wel1. 

The low spatial resolution of the earth based polarimetric 
observations precluded regional or local scale studies of the features 
seen in these observations although the observations of Lyot indeed 
suggested that such organization was probable. It was long suspected 
that these features were formed by some type of clouds. What was not 
Known was how stable was the morphology of these features, how were they 
formed? What was the relationship with the darK ultraviolet clouds seen 
in the unpolarized light? These and other questions could be answered 
only after the greater spatial and temporal resolution observations from 


the Pioneer Venus mission became available. 
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The Pioneer Venus missions have been described by Colin and Hunten 
<1977) and by Colin (1979). Th# Orbiter Cloud Photopolarimeter 
instrument has b##n described by Russ#l #t al. <1977) and by Travis 
(1979). Results on the polarimetry as well as the imaging 
investigations performed from the data obtained by this instrument have 
been presented by Travis et al. < 1979a,b), Rossow et al. (1980), 
Kawabata et al. (1980) and also by Esposito and Travis (1982), Limaye et 
al. (1982) and Del Genio and Rossow (1982). Early results from the 
present investigation were presented by Limaye (1982a,b). 

This report describes in detail the results obtained on the 
regional structure of the detail seen in the polarization data in terms 
of both magnitude and direction, their life times and the ability to 
follow them over a period of time, as well as their relationship with 
the ultraviolet clouds. 

2. The Polarimetry Data 

a. The OCPP Instrument 

The polarimetry data on Venus used in this work was obtained by 
the Pioneer Venus OCPP instrument during the nominal arid extended 
missions <8 December 1978 to 27 July 1980). Data was obtained on nearly 
180 orbits during this period and was analyzed. The data coverage is 
not continuous in time due to several reasons- the chief ones being the 





Polarization Feature* on Venus 

ORIGINAL PAGE 18 
OF POOR QUALITY 

6 

fact that OCPP is also used to par-form imaging investigation, and 
secondly the phase angle coverage varies as Venus moves around in its 
orbit and thus no data is obtained when the OCPP is ab’e to view only 
its night side. Finally, ground reception o-f the data transmitted from 
the Pioneer Venus Orbiter is not always possible due to conflicts with 
other space missions. The detailed working of the OCPP instrument is 
described by Russel et al. (1977) and by Travis (1979'. However, for 
the sake of completeness a brief summary is presented below. 

The Pioneer Venus Orbiter spacecraft moves around Venus in a 
highly elliptic orbit (eccentricity-0.845) inclined at about 105o W ith 
the orbital plane. The periapsis point is located in the Venus northern 
hemisphere at approximately 20° latitude. The OCPP instrument 
primarily consists of a Dall-Kirkham telescope with a 3.7 cm aperture 
and a 17.3 cm focai length. The telescope is mounted near the periphery 
of the drum shaped orbiter spacecraft that is spin stabilized at a 
nominal rate of 5 RPM. The principal axis of the telescope is in the 
plane containing the spacecraft spin axis, and can be pointed at many 
discrete positions between 45 and 135o 4n gle with the positive spin axis 
of the spacecraft. The spacecraft attitude is maintained so that the 
positive spin axis of the spacecraft points toward* the south ecliptic 
pole. Thus, as the Orbiter moves around Venus in its orbit, the OCPP 
telescope field-of-view (FOV) is swept across the disk of Venus. The 
spacecraft motion results in the translation of such successive scans 
providing the necessary cross-scan coverage for full disk imaging. Due 
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to the high ellipticity orbit the instantaneous range to Venus disk 
changes substantial 1y which results in a substantial overlap of the 
successive scans near the apoapsis portion of the orbit, and a 
substantial under lap near the peri apsis portion of the orbit. It is 
generally not necessary to step th# telescope during the coverage of a 
single full disk observation. 

The light gathered by the telescope passes through one of the 16 
filters/retarders mounted on a rotatable wheel near the focal plane of 
the telescope. There are three filters each for four wavelengths: 270, 
365, 550 and 935 nm. Another set of filters and retarders mounted in 
front of the filter wheel makes it possible to obtain polarimetry mode 
observations at the four wavelengths so that the retarder fast axis 
makes angles of 0, 22.5 and 45° relative to the instrument plane. A 
Wollaston birefringent prism divides the resultant light into two parts 
which are polarized at right angles to each other. A set of silicon 
photodiodes generate an electrical signal corresponding to each of the 
four wavelengths which is then digitized and then transmitted to earth. 
It takes three successive scans at each wavelength to determine the 
linear polarization and the direction of polarization along with the 
intensity. A fourth scan provides calibration data. Thus a total of 16 
spacecraft rolls are required to acquire polarization data over the 
essentia 1 ly same portion of Venus at four wavelengths. The relatively 
low resolution in the polarimetry mode (compared to the imaging mode) 
results in a very small change in the viewed scene over the 16 rolls of 
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the Orbiter <6.9 x 8 mrad). A sample rate of 9.92 msec provides a 
maximum of 136 separate measurements in a single scan across Venus. 

b. The OCPP Observations 

Table I lists the full disk polarimetry maps used in this study. 
The observation time, the phase angle, the sub-spacecraft point on 
Venus, etc. are tabulated corresponding to the map center time (i.e. 
when the OCPP optic axis passes through the center of Venus during a 
full disk observation). The total phase angle coverage is quite good 
although the temporal coverage is rather sporadic. In many instances 
however more than two observation* per 26 hour orbit were acquired thus 
enabling examination of the polarization features for a longer time. As 
was mentioned earlier, the possibility of following the polarization 
features over a period of time as indicators of atmospheric motion was 
one of the goals of this investigation, and for this purpose such 
coverage is important. 

Figure 1 shows the phase angle coverage obtained in terms of full 
disk observations. It should be pointed out here that the phase angle 
at any point on the visible disk of Venus (to the Pioneer Orbiter 
spacecraft) can be somewhat different from it* value for the Venus 
center due to the fact that the spacecraft is never more than 
approximately li Venus radii away from the planet, and is freauently 
closer for most of the OCPP observations. Consequently the phase angle 
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in * given full disk observation can vary by as much as 6 to 10o over 
the disk of Menus about the phase angle at the center of Menus. For 
each map the amount of linear polarization 00, the unpolarized 
intensity, the celestial co-ordinates on Menus of each observation 
point, the cosines of zenith angles of the OCPP and the sun and the 
direction of polarization are available. The direction of polarization 
is the angle between the local scattering pUne and the direction of 
vibration of the electric field vector. The local scattering plane is 
defined by the sun-OCPP and the point on Menus being observed. By 
convention, polarization is termed as positive if the direction of 
polarization is within 45° 0 f the normal to ;he scattering plane, and 
negative if the direction is within 45° of the local scattering plane. 

c. Oata Format 

For the purpose of studying *he morphology of the poalrization 
features the polarization data (both the magnitude and direction) were 
represented as two dimensional images. The image representation of the 
data has several advantages: the images provide a convenient wa> 
looking at a large amount of data points on the planet at once, either 
on a image processing system where if can be easily manipulated, or as 
as hard copy. Additionally, time series of such images can be 
constructed to study the temporal evolution of the features and study 
their morphology and movements. The image representations of different 
quantities can be compared to see if there are any obvious relationships 
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that can be further quantitatively studied, etc. In generating tuch 
image representations, where a given data number representing a given 
brightness ia related to the obaerved quantity in some manner, it ia 
neceaaary to uae aome Known co-ordinate*. In the preaent caae the Venue 
(celeatial) coordinatea were uaed to conatruct two dimenaional latitude 
longitude mape. 

The nominal reaolution for these mapa waa choaen to be lo 0 f 
latitude and Ivngitude ao that a full d ak obeervation could be 
represented aa an image with a aize of 181 x 181 image elements, or a 
latitudinal coverage of 90ONorth to 99° South and a longitudinal 
coverage of 99° about the sub-solar point to the east and west. The 
relatively large field of view of the OCPP instrument however yields a 
data reaolution of 2 to 5 times the map resolution over many parts of 
Venus. Thus many points in the map representation are unfilled due to 
lack of data. For cosmetic reasons therefore, these points are filled 
in by bi-linear interpolation of the observations about those points. 

The simple rectangular map representation of the data produces 
severe distortations in the feature shapes at high latitudes and 
therefore the data were also mapped into polar stereographic projections 
for both the northern and the southern hemispheres as well. These 
polar projections make it easier to study the patterns A the cloud 
forms at higher latitudes. 
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Two typos of scalings were used for the polarization amount to 
generate the image representations. First type of representation was 
the linear scaling of the polarization amount: the observed positive 
polarization amount was scaled into digital image brightness numbers 
between 12? and 255 and the negative polarization was scaled linearly 
between 8 and 127, with the 128 data number depicting the zero percent 
polarization amount. The maximum and minimum polarization amounts that 
determined the actual scale factors were determined for each observation 
and each wavelength separately in order to maximize the apparent 
contrast in the image rendition. The drawback of this type of scaling 
is that it is difficult to compare two different maps as they will in 
general have different scale factors. 

In order to alleviate this problem, a second type of scaling was 
simultaneously used: logarithmic scaling. With this type of scaling the 
positive and negative polarization amounts were separately scaled 
logarithmically into two separate image renditions so that the data 
number range 0 to 255 spanned the polarization range 0.15 to 100 V. 
1ogarithmical ly. 

The direction of polarization as linearly scaled between data 
numbers 109 and 1?9 as follows: 


Data Number (DN> * 100 + (Direction) (Degrees) 



Polarization Features on Venus 

ORIGINAL PAGE 19 
OF POOR QUALITY 

12 

The direction which can be between -98 and *90o is reduced to an 
absolute *cale from 8 to 900 prior to scaling. 

In order to facilitate comparison between the features seen in the 
polarization amounts, the direction of polarization and the unpolarized 
intensities (at least the two shortest wavelengths), the unpolarized 
intensities were also linearly scaled and rendered as images. Similar 
to the linear scaling of the polarization magnitude data, the observed 
intensities were scaled between 0 and 255, so that the scale factors 
were once agai-* different for each map and each wavelength. 

Finally, the image renditions of the polarization amount, the 
direction, and the unpolarized intensity in both the rectangular and 
polar representations were produced as a single composite product for 
each wavelength of each full disk observation. Figure 2 shows an 
example of such a composite for each wavelength of a single observation 
in each of the four wavelengths. The first row in each composite for a 
given wavelength represents the linearly scaled linear polarization 
amount. The left most sub-image represents a rectangular map from the 
north pole to the south pole and centered around the sub-spacecraft 
point. The two right column positions in this row represent 
respectively the northern and the southern hemispheres in polar 
projections centered about the respective poles. The latitude lines are 
thus concentric circles about the center point, with the equatorial 
circle touching the edges of the sub-image. The middle row represents 
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the unpolarized intensity, with the rectangular map on the left and the 
two polar projections on the right in the same format as the 
polarization amount. The bottom row in each composite represents three 
rectangular projection maps— the left one represents a logarithmically 
scaled rendition of the positive polarization, the middle one the 
negative polarization amounts, while the right most sub-image 
representing the variation of the direction of polarization over the 
disk, once again in the rectangular projection. 
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3. Results 

The primary goal was to see if the polarization -features were 
localized into discrete -features, and whether they could be tracked. It 
is obvious -from the data shown in Figure 2 that indeed detail can be 
seen in the polarization amount. Variation is seen on a local scale in 
the positive as well as negative polarization amounts. Whether the 
observed polarization is positive or negative depends not only on the 
wavelength of observation, but also on the nature of the scatterers in 
the atmosphere. The sub-micron sized haze reported by Travis et al. 
(1979) in the polar regions, for example, produces a positive 

polarization at 935 nm, as can be seen in Figure 2. It is also apparent 
that the structure seen in the polarization magnitude variation over 
the disk is somewhat similar to that seen in the unpolarized intensity 
data at least at the two short wavelengths. Examination of other OCPP 
observations taken at other phase angles also show similar features, but 
to a varying degree. Several examples are shown later in Figure 10. 
However, a great variability is seen in the "visibility" of such 

features at all wavelengths. At low and high phase angles the short 
wavelengths do not show detail to the same degree as at moderate phase 
angles (40-700). 

It could be expected that the sub-micron responsible for at least 

some of the detail seen in the 935 and 550 nm polarization data, was 

likely to be variable in terms of its thickness etc., but that in itself 
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probably does not account -for the enormous variability seen in the 
polarizatici -features. It is quite likely that at least some o-f the 
-features seen in the polarization data are related to the ultraviolet 
contrasts as has been suggested -from time to time (see Travis, 1975) . 
It is therefore necessary to understand what relationship if any exists 
between the ultraviolet contrasts and the polarization data. 


3.1 OCPP intensity Data: Observed Contrasts 

No detail in the appearance of Venus is seen at all but the 
shortest (ultraviolet) wavelengths. The OCPP data is available at two 
short (278 and 365 nm) and two long wavelengths (558 and 935 nm). 
Mariner 18 images of Venus taken through the orange filter did show some 
contrast near the edge of the bright polar cloud (in ultraviolet). The 
polarization data however shows a wealth of detail in not only the 558 
nm channel but also the 935 nm data at moderate phase angles (58 to 
78o>. From the example shown in Figure 2 it is evident that at least 
some phase angles there is a substantial correlation between the 
features seen in the polarization amount and the short wavelength 
intensity data. 

However, before the relationship between the the observed 
polarization features and those seen in the unpolarized intensity data 
can be quantitatively studied, the effects of the varying observing 
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geometry on the data have to be removed. Kawabata (1981) has 
investigated the effects of such geometry variation on the polarization 
amounts. Unlike the ground bases observations, where the distance of 
the observer is very large compared to the radius of the planet, the 
Pioneer observations of Menus are obtained from a close proximity to 
Menus (32,988 to 66,088 km approximately). Kawabata's results obtained 
by modelling the Menus atmosphere show that the observed polarization 
amount is sensitive to the ratio of the observer distance to the radius 
of the planet, and that the larger the ratio the smaller is the 
variation in observed polarization with the variation in the observer 
distance. These effects primarily arise out of differing scattering 
angles for differnt points on the planet's visible disk. Ur fortunately, 
the dependence of the observed polarization on the scattering geometry 
cannot be easily modelled, and hence is not explicitly addressed in this 
study. 


The situation with the unpolarized intensity data is fortunately 
somewhat simpler, where indeed the effects of the varying scattering 
geometry can be modelled with some ease to a large extent. This removal 
of the effects of scattering geometry or "normalization" is discussed 
next. 

Intensity Normal.izatjpn 


The observed intensity at any point on Menus however varies 
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substantially not only due to real albedo differences on Venus, but also 
in large part due to changing viewing geometry: the solar and OCPP 
zenith angles and the azimuth angles are different for each point on 
Venus. This spurious effect can be eliminated by 'normalizing* the 
observed intensities to a standard geometry to reveal only the real 
albedo differences. Such normalization procedure has been previously 
used by Limaye *nd Suomi (1977) to elucidate cloud cover differences on 
Venus. This normalization procedure requires the use of a particular 
scattering model or law. In this case considering the large amount of 
phase angle coverage available at all four wavelengths, it was decided 
to consider the Minnaert Scattering law which depends only on the 
cosines of the illumination and viewing angles: 

or, ln<I/0 = (/) ♦ ln(a Q > 

Thus, on a log-log plot, if the Minnaert law is applicable to the 

present case, Iw vs .mm . , . , .. , . , , , 

~ ~'q should produce a linear plot. A value of 1 for 

k corresponds to the case of Lambert's reflection law. Figure 3 shows 

several examples of such a plots for all the four wavelengths, and 

different phase angles. The solid lines in each case depict the least 

squares fit to the data. As is apparent from this figure, Minnaert law 

appears to be quite applicable to the data. The simplicity of the 

Minnaert scattering function and the apparent good quality fit to the 

data suggested that this law could be used adequately for removing the 

scattering geometry effects from the unpolarized intensities at all four 
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wavelengths. 

Usually one would expect that the normal albedo, or the Minnaert 
intercept would be constant over observations covering all phase angles. 

This however is not the case in the present situation. Figure 4 shows 
the variation of a Q for ? 70f 365f 550 4nd 93S nm „ a function of 
phase angle. Note that the scale for the normal albedo is logarithmic. 
Up to 1000 phase angle the variation in a Q u . At 3<S5 nm one can 

even detect the somewhat higher value of the normal albedo between 15 
and 20° phase angle that is undoubtedly related to the cloud bow effect 
of the 1.1^ cloud particles. Beyond about 100° phase angle the normal 
albedo increases dramatical 1 y. 

Most of this variation is however likely to be spurious due to 
several limiting factors. First of all, the high phase angle 
observations represent a predominant sampling of the high (southern) 
latitude regions of Venus in the OCPP data, and are thus somewhat 
biased. It is known that at short wavelengths the albedo of the cloud 
cover on Venus is higher by almost 50 V, in the high latitude regions, 
and thus somewhat different Minnaert coefficients can be expected. 
Secondly, Minnaert law does not take into account the effect of the 
varying azimuth angle, and is thus unrealistic to sane extent. Further, 
at these high phase angles Minnaert law is frequently inadequate to 
fully describe the limb darkening as is evident from the plots of 1/J 
versus q on a logarithmic scale, and from the coefficient of 
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determination of the linear relationship between logarithm of I>u and 
The variation of this coefficient (the linear correlation 
coefficient is given by the square root of this quantity) for the data 
analyzed ia shown as a function of phase angle for the four wavelengths 
in Figure 5. As can be seen, the correlation between IndyM) and 
1n(/f,«,) decreases very rapidly beyond about 140° phase angle, but is 
quite good up to about 108° phase angle. 

The dependence of the limb darkening exponent, is also found to 
have a small phase angle dependence for small to moderate values of 
phase angles as can be seen from Figure 6. The variation of k at the 
high phase angles can also be traced to the same problems as for the 
normal albedo, as discussed previously. 


Contrast in Intensitv Data • 

The use of a scattering law affords a side-benef i.t as well. The 

departure from the predicted intensity of the observed value for all 

points on the disk of Venus is a good measure of the "contrast*. The 

use of such a definition allows one to easily calculate the contrast as 

a function of wavelength that is more objective a measure than by 

selecting the darkest and brightest points observed as is done usually. 

The second Benefit is that at least in terms of the Minanert scattering 

law, where the coefficient a . ...... . , . 

o (representing the intercept on a log-log 
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scale) is the intensity predicted -for normal incidence and normal 

viewing (both/* and^ „ Df lu vaPU tion with phase angle is akin to 
the variation of normal ‘apparent* albedo with phase angle, or similar 
to the phase curve of Venus. 


The fact that the contrast observed at the four OCPP wavelengths 
is phase angle dependent it indicated by the ‘spread* around the least 
squares fit line on the Minnaert plots (Figure 3). Note the greatly 
reduced scatter around the least squares fit line at the tow phase angle 
observations (Figure 3a,b). In contrast to that at moderate phase 
angles a much greater scatter is seen about the least squares fit line 
at all wavelengths (Figure 3d,e,f). The contrast can thus be defined in 
one of two ways, relative to the average scattering function: an 
absolute departure from the intensity expected from the scattering law, 
or, a root mean square (RMS) deviation from the scattering law. Both 
the absolute contrast and the RMS contrasts are shown in Figure 7 (a and 
b respectively) as a function of disk center phase angle for the four 
wavelengths. 

Pollack et al. (1980) and Esposito (1980) have also presented 
contrast measurements as a function of phase angle at 345 and 240 nm 
respectively. However, they calculate the contrast between the 
brightest and the darkest point on the planet as opposed to the 
departure from a scattering law. Even then, the functional dependence 
they obtain for the ensemble average of the maximum contrast determined 
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■from a number of OCPP images it similar to th*t presented here. Thu*, 
the contrast peaks at 365 nm at around 680 phase angle and decrease* 
almost linearly beyond that point as the phase angle increases. The 
polarimetry mode data indicate that the contrast can vary substantially 
at low phase angles and the variation is maximum at the two shorter 
wavelengths. At 278 nm the contrast peaks at around 58 to 60Opha»* 
angle, whereas at the two longer wavelengths, 550 and 935 nm the maximum 
contrast (approximately 4 7.) is observed at approximate!y 1400 phase 
angle. An interesting feature at these two longer wavelengths is the 
slightly enhanced contrast (around 2.5 '/.) in the unpolarized intensity 
at the cloud-bow phase angle of 18° for the 1.1 M radius cloud 
particles. 

The scatter seen in the contrast vs. phase angle plots is due both 
to the variable amount of contrast present on Venus as well as a 
temporal dependence as the clouds evolve. Further, no distinction has 
been made between the different solar azimuth angles for the 
observations. Thus any variation in the contrast at a given phas* angle 
due to morning or evening hemisphere scattering geometry is also 
included in the figure. The RMS contrast shows the same behaviour as 
the absolute contrast at the four wavelengths. 

3.2 Correlation between Observed Polarization and Contrast 


The relationship between the observed polarization amount and the 
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contrast (at least at the short wavelengths in the ultraviolet region 
where there is some observable contrast) has been of some interest -for 
some time as it may provide a clue to the identity of the ultraviolet 
absorber(s) responsible for tho observed contrasts. Until the Pioneer 
Venus QCPP data became available much confusion has existed regarding 
the possible relationship between the observed contrast and the 
associated polarization amount ^Travis, 1973). The question often asked 
is whether the bright clouds have greater associated polarization than 
the dark clouds or vice versa? Esposito (1980) investigated this 
question from a limited amount of OCPP polarimetry data and found a 
marginally significant positive correlation between contrast and 
polarization at 270 and 363 nm Cr2 * 0,10 at 270 nm and * 0.11 at 363 

nm). Thus, dark clouds have greater polarization and possibly point to 
a polarizing absorber. However, this correlation can also be explained 
(see Esposito and Travis, 1982) without requiring any polarizing 
absorber at all- the dark clouds are darker due to fewer photons, thus 
indicating less multiple scattering than bright clouds, and hence have a 
greater polarization which is largely due to singly scattered light. 

The relationship between the ohoervea polarization and the 
observed contrast in the unpolarized intensity data was investigated in 
the present study by determining the linear correlation coefficient 
between the observed polarization and the departure from the Minnaert 
scattering law for the unpolarized intensity for the observed point. 
Thus a positive value for the deviation corresponds to a "bright" 
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feature and vie* versa. The variation of the correlation coefficient 
between the magnitude of the observed polarization and the intensity 
deviation from the Minnaert law for each of the four wavelengths is 
shown in Figure 8a. Although the correlation is weak in all cases, a 
dependence on phase angle is apparent. The correlation between 
polarization and contrast is especially complex as it flip-flops between 
positive and negative values with phase angle. It is easy to see why 
the early results were often contradictory as they did not refer to 
specific phase angles. Nevertheless, the relationship between the 
observed contrast and the polarization remains a puzzle. 

Esposito and Travis (1982) show that the observed polarization for 
the dark and bright (in thv ultraviolet) clouds have different phase 
angle dependence at the shorter wavelengths. At 390 nm they report no 
difference between the dark and bright feature polarization. Their 
contrast data are obtained from the same meridian and is calculated from 
the darkest and brightest points on that meridian. 

From an analysis of more data from both the Orbiter Ultraviolet 
Spectrometer (OUVS) and the polarimetry data from the OCPP instrument, 
Esposito and Travis have recently shown that the submicron haze and 
polarization are anticorrelated. The darker areas have slightly lower 
cloud tops (approximately 1.2 ♦/- 0.6 km) and the brighter areas have an 
excess haze over them. The results obtained in this study are 
consistent with this interoretation in many cases, although some 
exceptions have been noted. Presumably these apparent inconsistencies 
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mty be duo not only in the amount of the haze materia! present but also 
duo to variations in size distributions of the haze particles. 

3.3 Correlation between Observed Polarization Amount 
and Direction of Polarization 

Figure 8b shows the phase angle dependence of the correlation 
coefficient between the observed polarization amount {'/.) and the 
direction of polarization .9 < B < 99o >. According to the convention, 
polarization is positive if the direction of polarization is within 45° 
of the normal to the scattering plane and negative if it is within 43o 
of the local scattering plane. As will become apparent, the 
polarization direction is observed to show localized features that 
correspond to the ultraviolet contrast features as well as the 
polarization magnitude features. It is therefore of interest to see what 
correlation exists between the direction of polarization and the 
polarization magnitude, as a function of phase angle. The curves in 
Figure 8 indicate that the correlation is phase dependent with a 
different behaviour at each wavelength. Except at 935 nm the 
correlation coefficient approaches perfect correlation 02 a j.g) 4 t 
many phase angles near 18° and 69° for 278 nm data, 18°, and 40-70° for 
the 343 nm data, and 18° and 150-140° for the 338 nm data. At 933 nm 
the maximum correlation observed is only 0.8 near 38° and 148° phase 
angle. At 345 nm the correlation decreases to 0.1 near 38, 118 and 150o 
phase angles. Similar decrease is observed for the 270 nm data as well 
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although to a much less pronounced extent. 

For the sake of completeness Figures 9(a,b,c) show the average 
direction of polarization, the absolute polarization amount and the 
average intensity as a function of phase angle, respectively. Note that 
the averages represent disk integrated values and are not area 
weighted. 
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3.4- Morphology of Polarization Features 

Figure 10 presents a montage of 30 full disk observations roughly 
spaced at 5o phase angle for all four wavelengtr.s. Along with the 
linear polarization, the unpolarized intensity maps at 270 and 365 nm 
are also presented <10e and 10f> . The observation numbers are given in 
Table II. Note that all the polarization images were linearly scaled to 
represent both the positive and negative polarization amounts 
individually so that the same brightness does not necessarily represent 
the same polarization amount from map to map. 

At 270 nm little detail is seen in most of the observations. 
There are several reasons for the low contrast seen at this wavelength 
in the polarization data. First of all, the sensitivity of the detector 
used at this wavelength is poor compared to say at 365 nm. This leads 
to a reduced ability to detect small changes in polarization. Secondly, 
this wavelength is quite sensitive to Rayleigh scattering within the 
Venus atmosphere. Thus small variations in the amount of gas or haze 
particles over the main cloud deck cause a substantial variation in the 
observed polarization. The range of observed polarization amounts is 
thus very high at this wavelength leading to a difficulty in detecting 
small local seal' contrasts that we are looking for. 

At 365 nm comparatively much greater structure is seen at most 
phase angles. Sometimes patches of very high polarization show up over 
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the visible disk such about 45 o phase angle. y« ry little detail is 
seen at phase angles between 8 and 38°. At higher phase angles the 
structure seen in the polarization amount is very similar to that seen 
in the unpolarized intensity data Hie, Ilf). 

In contrast, the two longer wavelengths show much greater 
structure and contrast especially at phase angles between 58 and 90 o. 
However, in some instances, a puzzling lack of detail at these phase 
angles has been noticed in successive observations on the same orbit. 
The reasons for this sudden absence of detail are unknown. At 558 nm 
the signature of the 1.1 JU radius cloud particles is also clearly 
visible as the "cloud bow", a region of very enhanced polarization 
amount over most of the Venus disk at the 15 to 280 phase angle 
obervations. 

The prominent features in the polarization images are the 
signature of the cloud-bow near the 18 o phase angle for the 1.1// 
radius main cloud layer particles. At other phase angles the visibility 
of the features is not as high as near 60o phase angle. The remarkable 
similarity of the shapes and sizes of these polarization features to 
those seen in the ultraviolet intensity data can be clearly seen. 

Frequently the polarization data shows "bow-shaped" features that 
are often seen in the ultraviolet images of Venus. The resemblence in 
size and shape of these features is similar that it is indicative of the 
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fact that the same cloud is responsible for both the ultraviolet 
intensity contrasts and the polarization structure. The 935 nm 
polarization over the bright arms of the bow shaped features which are 
bright in the ultraviolet light is negative. This may or may not be 
consist* with the model proposed by Esposito and Travis (1982) that 
the bright features in ultraviolet have a greater amount of sub-micron 
haze over them, the excess optical thickness being 0.1 at 935 nm. 
According to Kawabata et al. (1980) an optical thickness of about 0.2 at 
935 nm is sufficient to produce a significant positive polarization in 
the polar regions (the index of refraction they used for the haze 
particles at 935 was 1.46 whereas Esposito and Travis use a value of 
1.43 for the sub-micron particles). 

Structure has also been observed at times in the direction of 
polarization data, although to a much lesser degree. It is not known 
why such variation in the direction of polarization on a local scale is 
seen only at some times and not at others as well as only at certain 
phase angles. Figure 11 shows the structure in the direction data seen 
in observation # 38 at the 365 nm wavelength. 

3.5 Movements of the Polarization Features 

The fact that discrete isolated features are seen in the 
polarization data immediately leads to questions such as— "how long do 
these features last? Can they be followed from one observation to the 
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next? How do their motions relate to those of the ultraviolet clouds? - 
etc. Fortunately, the OCPP observations covered several periods when 
more than one observation was obtained per orbit (see Table I). In 
some ~ases -four -full disk observations were obtained on a single orbit 
spanning a time period o-f over 28 hours. It is thus possible to see how 
the polarization features show up in these consecutive observations. 

Figure 12 presents several time sequences of four polarization 
observations per orbit. The polarization amount has been linearly 
scaled with the 128 ON representing the zero percent polarization 
amount. The central meridian in each of the observations is chosen to 
be the sub-solar meridian. The bow like features seen often in the 
ultraviolet images show up in the polarization amount at all four 
wavelengths in several observations and can be easily tracked from one 
observation to the next.The movement of the polarization features in 
these observations is from east to west which is in the same sense as 
the retrograde mean zonal motion determined previously from the 
movements of the ultraviolet clouds from the OCPP images (Limaye et al. 
1982) . 


The speeds of such features when they can be seen in three or more 
successive observations is roughly 188 ms-1 which is quite comparable 
to that of the ultraviolet features. Greater accuracy is not possible 
in these measurements due to the limited spatial resolution of the 
polarimetry mode observations. The nominal uncertainty is approximate!y 
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23 ms-1. 

Due to the large variation in the visibility of the polarization 
features with phase angle as well as the low spatial resolution of the 
observations, it is not generally possible to track such features in 
only a pair of observations separated by about 4 to 5 hours, but at 
least three, and ideally four observations are needed. Unfortunately, 
the number of such observations obtained at a phase angle of around <S0o 
during the nominal and extended missions is rather limited and thus 
only a few measurements can be obtained. 

Nevertheless a small number of measurements of polarization 
feature movements were made. It was not possible to compare directly 
the motions of a given feature in different wavelength as the texture 
and the visibility of a given feature generally is very different in 
each wavelength. Thus, comparison of the motions in different 
wavelengths can only be made though ensemble averages for each 
wavelength. 

Figure 13 presents results of the measurements of the motions of 
the polarization features at the four wavelengths for the zonal 
component only. Table III gives a summary of the results in terms of 
the number of points, RMS deviation etc. The results are averaged in 
15° degree latitude bins with the resultant average value of the zonal 
component of the motions of the features assigned to the average 



Polarization Features on Menus 


ORIGINAL PAGE « 

OF POOR QUALITY 31 

latitude of the observation* in that particular bin. In many instances 
only a single observation was available. It should be emphasized here 
that these results should be considered as only indicative of the 
movements of the features and not as definitive results due to the 
immense difficulty and uncertainties involved. 

No consistent differences between the movements of the 
polarization features in the different wavelengths can be confidently 
detected except perhaps for 270 nm polarization features which have 
noticeably faster zonal speeds. However, the confidence in the 270 nm 
data is low due to the extremely low contrasts visible in the 
polarization data. In any case the low resolution of the data as well 
as difficulties in finding features in the different wavelengths make 
the task a difficult one. If indeed the polarization features are 
caused mostly by the sub-micron sized haze particles above the main 
cloud layer, then one would expect somewhat different cloud motions in 
terms of either the speed or the direction when compared to the motions 
of the ultraviolet clouds. Simple visual tracking techniques are 
inadequate for detecting small differences in movements as seen in the 
different wavelength data and more sophisticated techniques beyond the 
scope of the present work may prove fruitful in this regard. 

These observations show that at least in some instances 
polarization features <i> persist for periods as long as a day, and (ii) 
their apparent movements on the disk of Menus are analogous to the 
movements of the ultraviolet clouds lending credence to the suggestion 
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that they art the signature of some polarizing scatterers that are being 
carried together as an entity or a cloud mass with the ambient 
atmospheric flow. Whatever the reasons(s) they appear due to, they must 
be intimately related to the ultraviolet contrasts considering the 
similarity in morphology, movements, and lifetimes. 
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4.8 Summary 

The present investigation has shown that there are unmistakable 
features in the polarization data. The visibility of these features 
depends on the phase angle and also appears to be time dependent 
•evolution of the cloud/haze mixture. These features last long enough to 
be tracked over a period as long as a day, enabling them to be used as 
traces of atmospheric motion. The larger scale features such as the 
bow-shaped features last longer and can be seen at least four to five 
days later after they presumably have gone all the way around the 
planet. 


The structure seen in the distribution of the polarization amount 
over the disk of Menus in all wavelengths is similar to that of the 
ultraviolet contrasts. However, a given feature need not appear the 
same in all the wavelengths as could be expected due to the strong 
dependence of the observed polarization amount on the wavelength. This 
is also evidenced by the weak but complex phase dependent relationship 
between the amount of observed polarization and the contrast in the 
unpolarized intensity at that location in a given wavelength. It is 
possible that the structure seen in the shorter wavelengths is at a 
somewhat higher level than that seen in the two longer wavelegths. The 
results of Esposito and Travis (1982) are significant in this respect in 
that they suggest that ultraviolet contrasts have differential amounts 
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of the haze material above them. 

This relationship between the appearance of the structure in the 
poalrization data and the ultraviolet contrasts is consistent with the 
immense time variation seen in the poalrization data if the cloud/haze 
structure is evolutonary in some regard, i.e. is the haze being created 
in the brighter (ultraviolet) portions of the clouds, etc ? A detailed 
monitoring of the structure of the polarization data as a function of 
time as well as position on the disK of Venus should provide some clues. 

An attempt was made to determine the motions of the features in a 
series of four observations obtained in a succession. Unfortunately the 
number of such sequences obtained in the early part of the Pioneer 
Venus mission was too small to allow a more exhaustive effort in 
determining the movements of these features. No systematic large 
differences were obvious in the average zonal speeds of the polarization 
features tracked at the four wavelengths except perhaps the 279 nm 
features which show somewhat faster speeds, although the low spatial 
resolution of the polarization data is a serious drawback. 

There are many puzzling questions still left to be answered. 
Foremost of all is the question,* why do these polarization features 
become more visible at moderate phase angles?* What causes them? At 
what altitude do they correspond to? etc. The analysis of the OCPP 
images has shown that there are many time variations as well. The 
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ultraviolet clouds are known to be influenced by the atmospheric 
circulation. What is the influence of the atmospheric circulation on 
the polarization features? 

Some of these questions can be tackled with further analysis. 
This study represents only an initial step. It is likely that 
additional data will be available from the Pioneer Venus Orbiter in 
future. More observations in the polarimetry mode per orbit would 
enhance the already exisitng data but would allow a better study of the 
relationships between the ultraviolet contrasts and the overlying haze. 
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Figure Captions 

Figure i. Phase angle variation -for the polarimetry observations 
obtained from the OCPP instrument. 

Figure 2. An example of a composite view of the linearly and 

1ogarithmical1y scaled polarization amount in the rectangular and polar 
projections as well of the unpolarized intensity and the direction of 

polarization, for 270 (a), 365 (b), 550 (c), and 935 nm (d) data. The 

top row represents the linearly scaled polarization amount, the left 
most image representing the rectangular map about the sub-spacecraft 
meridian while the two images on the right represent respectively the 
northern and the southern hemisperes in polar stereographic projection. 
The middle row has the same format as the top row except that it 
represents the unpolarized intensity. The positive and negative 

polarization amounts scaled logarithmically are shown in the two left 
most images in the bottom row in a rectangular map similar to that for 
the linearly scaled polarization and intensity data. The right most 
image in the bottom row represents the variation of the direction of 
polarization. 

Figure 3. Minnaert plots showing the relationship between 1/i. 0 n 

a logarithmic scale for observations taken at 4.0 (a), 11.39 <b), 23.6 
<c>, 42.8 <d>, 51.8 (e), 62.9 (f), 88.5 <g), and 99.0o <h) . The least 
squares fit to the data for each wavelength are also shown. The 
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resultant values of the intercept and slopes for the fitted lines are 
indicated on the top in each figure. 

Figure 4. Variation of a^ the intercept value from Minnaert fit, as a 
function of phase angle. This represents the intensity observed at 
normal viewing angle for the case of normal incidence (i.e. when both /i 

^ndy^j = i) } and is hence proportional t.. the "normal albedo". The 
values of a Q beyond abou t 100 ° phase angle may be unreliable. 

Figure 5. Variation of the coefficient of determination of the least 
squares solution to the observed data shown in Figure 3. The linear 
coefficient of correlation between lnv.I/«) and In the 5 q uare roo t 
of the coefficient of determination. As can be seen the Minnaert fit 
is very poor beyond 109° phase angle. 

Figure 6 . Variation of fc, the limb darkening coefficient, or the slope 
of the least square fit line (Figure 3) as a function of phase angle. 
CcmMnl, regarding variation a Q jpp]y in thi , „ Me) ,, 

Figure 7. Variation of contrast defined as the absolute deviation from 
the Minnaert law intensity variation (a), and the corresponding root 
mean square value (b). 

Figure 3. Variation of the coefficient of correlation between (a) 
observed polarization amount and the contrast as a function of phase 
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angle, and, (b) dependence of the coefficient of correlation between the 
observed polarization amount and the direction of polarization, on the 
piase angle. 

Figure 9. Variation of disk integrated absolute polarization amount 
(a), the direction of polarization <b> , and the? observed intensity (c) . 

Figure 18. Montage of selected polarisation images at 278 (a), 365 (b) , 
558 (c), and 935 nm (d), and unpoiar.zel intensity images at 278 (e> 
and 365 nm <f). Observations are presented at roughly 5o phase angle 
interval. Table II gives the relevent information about the specific 
observations shown. 

Figure 11. An example of structure seen in the variation of direction 
of polarization over the disk. This observation (#138) was obtained at 
365 nm. 

Figure 12. Time series of polarimetry observations obtained on a orbits 
44 (a), 80 <b), 333/334 (c), 336/337 <d>, 337/338 <e), and 339/348 <f) . 
From left to right the images represent the 278, 365, 558 and 935 nm 

polarization amount (positive and negative, linearly scaled with 128 DN 
representing the zero percent le^el), and the 365 nm intensity, all in 
rectangular projection. The first row represents the first observation 
in a sequence and subsequent observations are presented in successive 
rows. The nominal time interval between the first observation and the 
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next one on the same orbit is between 4 and 5 hours. 

Figure 13. Average zonal speed of the movements of polarization 
features for each wavelength as indicated by the different curves. 
These results were obtained by tracking polarization features in 
successive observations (Figure 12) in each wavelength, and then 
averaging the zonal components obtained in ISO wide latitude bins. 
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Table I. OCPP Polarimetry Observations used in this study. SCLAT and SCLON 
refer to sub-spacecraft point on Venus, while SSLAT and SStON refer to the 
sub-solar point on Venus. All quantities refer to the center of Venus, i .e. 
when the OCPP optic axis passes through vhe Venus center during a particular 
observation. 


Map# Orb# 


Date 

00Y 

HH:MM:SS Phase 
(Deg) 

Range C 

i (Km) SCLAT 

e 1 e s t i a 

SCLON SSLAT SSLON 

8685 

0004 

8 

DEC 

1978 

342 

20:10:05 

112.9 

51435.4 -35.8 

34.1 -1.1 

-85.5 

000? 

8006 

10 

DEC 

1978 

344 

17:48:42 

110.1 

34092.8 -48.8 

48.8 -1.2 

-82.4 

0010 

8006 

10 

DEC 

1978 

344 

21:58:47 

109.9 

58138.5 -38.8 

32.0 -1.3 

-82,1 

0011 

0007 

11 

DEC 

1978 

345 

83:37:1? 

107.9 

66802.5 -17.5 

27.5 -1.3 

-81.7 

8012 

0007 

11 

DEC 

1978 

345 

12:17:20 

100.4 

33463.2 13.2 

19.3 -1.3 

-81.1 

0814 

0008 

12 

DEC 

1978 

346 

22:18:24 

107.1 

58418.0 -33.6 

32.0 -1.4 

-78.8 

0015 

000? 

13 

DEC 

1978 

347 

04:81:05 

104.8 

66739.6 -16.7 

27.4 -1.5 

-78.5 

00 16 

000? 

13 

OEC 

1978 

347 

12:36:43 

97.1 

32936.4 13.5 

19.1 -1.5 

-77.9 

0020 

0010 

14 

DEC 

1978 

348 

12:49:57 

95.4 

32421.9 14.0 

19.0 -1.6 

-76.2 

0021 

0010 

14 

DEC 

1978 

348 

18:31:13 

165.8 

35594.3 -47.5 

39.9 -1.6 

-75.9 

0022 

0010 

14 

DEC 

1978 

348 

22:47:81 

104.1 

59147.8 -30.0 

31.8 -1.6 

-75.6 

0026 

0011 

15 

DEC 

1978 

34? 

23:05:42 

102.6 

59618.5 -29.7 

31.7 -1.7 

-73.9 

8036 

0030 

4 

JAN 

1979 

004 

06:02:31 

70.9 

66865.4 -19.2 

28.2 -3.0 

-42.6 

0838 

0032 

6 

JAN 

1979 

086 

86:16:13 

67.8 

66823.2 -19.0 

28.2 -3.1 

-39.3 

003? 

8033 

7 

JAN 

1979 

007 

06:22:06 

66.2 

66824.5 -19.0 

28.2 -3.1 

-37.7 

0041 

0835 

9 

JAN 

1979 

009 

06:32:48 

63.1 

66817.3 -19.0 

28.2 -3.2 

-34.4 

0042 

0040 

13 

JAN 

1979 

013 

22:18:2? 

72.1 

35957.1 -47.2 

40.2 -3.3 

-26.9 

0056 

0043 

16 

JAN 

1979 

016 

16:19:08 

44.2 

35189.5 11.3 

19.5 -3.4 

-22.4 

0060 

0044 

17 

JAN 

1979 

017 

12:38:16 

45.1 

56996.4 -5.2 

24.1 -3.4 

-21.0 

0061 

8044 

17 

JAN 

1979 

017 

16:22:34 

42.6 

35253.5 11.2 

19.5 -3.4 

-20.8 

0862 

0044 

17 

JAN 

1979 

017 

22:27:14 

67.9 

35914.4 -47.1 

40.3 -3.4 

-20.4 

0065 

0045 

18 

JAN 

1979 

018 

12:43:33 

43.4 

56933.5 -5.2 

24.1 -3.4 

-19.4 

0066 

0045 

18 

JAN 

197? 

013 

16:25:50 

41.1 

35425.7 11.1 

19.5 -3.4 

-19.2 

0067 

8846 

19 

JAN 

1979 

019 

14:51:53 

40.0 

46841.2 2.3 

22.0 -3.4 

-17.6 

006? 

0048 

21 

JAN 

197? 

021 

10:41:21 

40.9 

63501.9 -11.2 

25.8 -3.4 

-1*.7 

0071 

0050 

23 

JAN 

1979 

023 

10:46:50 

37.8 

63568.6 -11.3 

25.9 -3.4 

-11.4 

0073 

0052 

25 

JAN 

1979 

025 

11:00:37 

34.4 

63272.0 -10.9 

25.7 -3.4 

-8.2 

0074 

0053 

26 

JAN 

1979 

026 

11:03:29 

32.9 

63238.2 -18.9 

25.7 -3.4 

-6.5 

0082 

9059 

2 

FEB 

197? 

033 

07:29:07 

28.6 

66564.1 -19.7 

28.5 -3.2 

4.6 

8083 

0060 

2 

FEB 

197? 

033 

23:03:23 

53.9 

34925.8 -47.6 

41.1 -3.2 

5.6 

0084 

0068 

3 

FEB 

197? 

034 

02:45:50 

38. 1 

56683.9 -31.6 

32.8 -3.2 

5.9 

0085 

6061 

3 

FEB 

197? 

634 

13:59:34 

16.8 

54411.9 -3.2 

23.4 -3.2 

6.6 

8088 

0061 

4 

FEB 

1979 

035 

02:46:04 

37.2 

56678.3 -31.6 

32.8 -3.2 

7.5 

008? 

0062 

4 

FEB 

197? 

035 

13:59:4? 

15.2 

54436.8 -3.2 

23.4 -3.1 

8.2 

00?3 

8063 

6 

FEB 

1979 

837 

02:46:57 

35.4 

56576.5 -31.7 

32.9 -3.1 

10.7 

00?4 

0064 

6 

FEB 

1979 

037 

14:00:05 

11.9 

54502.4 -3.2 

23.4 -3.1 

11.5 

00?7 

0064 

7 

FEB 

197? 

038 

02:47:07 

34.6 

56576.3 -31.7 

32.9 -3.8 

12.3 

0104 

0069 

11 

FEB 

1979 

042 

13:55:31 

4.0 

54807.3 -3.4 

23.5 -2.3 

19.5 
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Table I (continued) 


Map* Orb# Date DOV HH:MM:SS Phase Range C e I e s t i a 

(Deg) (Km) SCLAT SCLON SSLAT SSLON 


Slid 

0071 

13 

FEB 

197? 

044 

13:52:08 

1.1 

54973.6 

-3.5 

23.5 

-2.7 

22.7 

0116 

0873 

13 

FEB 

197? 

046 

13:43:56 

2.7 

55478.5 

-3.9 

23.6 

-2.6 

25.9 

0124 

007? 

21 

FEB 

197? 

052 

22:46:54 

46.1 

33826.2 

-48.0 

41.6 

-2.2 

36.2 

8126 

0080 

22 

FEB 

1979 

053 

13:33:00 

13.7 

55344.6 

-3.6 

23.5 

-2.1 

37.2 

0127 

0080 

22 

FEB 

197? 

053 

17:05:49 

24.0 

33623.7 

13.0 

18.6 

-2.1 

37.4 

0128 

0080 

22 

FEB 

1979 

053 

22:45:23 

46.8 

34025.7 

-48.0 

41.5 

-2.1 

37.8 

0120 

3080 

23 

FEB 

1979 

054 

02:28:14 

30.2 

55754.2 

-32.0 

33.0 

-2.1 

38.0 

0132 

0031 

23 

FEB 

1979 

054 

22:42:48 

46.0 

33973.1 

-48.0 

41.5 

-2.0 

39.4 

0134 

0082 

24 

FEB 

197? 

035 

13:30:12 

16.9 

55133.9 

-3.5 

23.5 

-2.0 

40.4 

0136 

0083 

25 

FEB 

197? 

056 

13:25:03 

18.5 

55375.1 

-3.6 

23.5 

-1.9 

42.0 

0138 

8033 

25 

FEB 

1979 

056 

22:37:17 

46.2 

33968.3 

-48.0 

41.5 

-1.9 

42.6 

013? 

0083 

26 

FEB 

1979 

057 

02:09:57 

31.6 

55503.6 

-32.1 

33.1 

-1.9 

42.8 

0140 

0084 

26 

FEB 

197? 

057 

13:21:27 

20.1 

55444.8 

-3.7 

23.6 

-1.8 

43.6 

0143 

0884 

27 

FEB 

1979 

058 

02:04:11 

32J 3 

55332.9 

-32.2 

33.1 

-1.8 

44.4 

0144 

0835 

27 

FEB 

1979 

058 

13:16:36 

21.6 

55593.1 

-3.8 

23.6 

-1.7 

45.2 

0147 

8886 

28 

FEB 

197? 

05? 

23:56:34 

39.4 

44747.7 

-39.8 

36.5 

-1.6 

47.5 

014? 

0087 

1 

MAR 

1979 

060 

23:53:40 

39.8 

44819.0 

-39.7 

36.5 

-1.5 

49.1 

0153 

0089 

3 

MAR 

1979 

062 

23:56:11 

40.4 

45800.8 

-39.0 

36.1 

-1.4 

52.3 

0155 

0990 

4 

httR 

197? 

063 

23:52:39 

41.1 

45762.9 

-39.0 

36.1 

-1.3 

53.9 

0157 

0091 

5 

MAR 

1979 

064 

23:46:07 

41.9 

45501.3 

-39.2 

36.2 

-1.2 

55.4 

0161 

9093 

7 

MAR 

1979 

066 

23:37:20 

43.4 

45288.3 

-39.4 

36.2 

-1.0 

58.6 

0163 

8094 

8 

W*R 

1979 

067 

23:24:48 

44.6 

44323.1 

-40.0 

36.5 

-0.9 

68.2 

0165 

0094 

9 

httR 

1979 

068 

04:47:84 

37.4 

64653.1 

-23.3 

29.7 

-0.9 

60.6 

0166 

0095 

9 

MAR 

1979 

063 

15:03:41 

40.7 

43031.8 

5.6 

21.8 

-0.9 

61.2 

016? 

0097 

11 

MAR 

1979 

870 

14:52:39 

43.7 

43453.1 

5.3 

21.1 

-0.7 

64.4 

0172 

0100 

14 

httR 

1979 

073 

15:01:32 

48.8 

42068.9 

6.5 

20.8 

-0.4 

69.2 

0175 

0101 

15 

MAR 

1979 

074 

10:46:55 

45.9 

61902.0 

-8.7 

25.2 

-8.3 

70.5 

0176 

0101 

15 

MAR 

1979 

074 

15:84:58 

50.2 

42391.2 

6.3 

20.9 

-0.3 

70.8 

0177 

8102 

16 

MAR 

1979 

075 

14:15:43 

50.3 

47974.5 

2.2 

22.1 

-0.2 

72.3 

0178 

0104 

19 

MAR 

197? 

077 

09:53:21 

50.2 

64397.6 

-11.5 

26.0 

-0.1 

75.2 

0180 

0107 

21 

MAR 

1979 

080 

14:18:59 

57.8 

49859.3 

0.9 

22.5 

8.2 

80.3 

0131 

010? 

23 

MAR 

1979 

032 

14:49:18 

61.4 

47842.3 

2.3 

22.1 

0.4 

83.5 

8185 

0113 

27 

MAR 

1979 

086 

14:57:02 

67.5 

48740.9 

1.7 

22.3 

0.8 

89.8 

0188 

0117 

31 

MAR 

1979 

890 

15:26:45 

74.0 

47705.9 

2.4 

22.2 

1.2 

96.2 

01?! 

0121 

4 

APR 

1979 

094 

15:50:06 

80.4 

47010.3 

3.0 

22.1 

1.5 

102.5 

0192 

0126 

9 

APR 

1979 

09? 

16:15:00 

88.3 

46579.3 

3.2 

22.0 

1.9 

110.5 

0194 

012? 

12 

APR 

1979 

182 

16:22:14 

93.0 

47050.9 

2.9 

22.1 

2.1 

115.2 

0196 

0130 

13 

APR 

1979 

103 

16:24:30 

94.5 

47248.1 

2.7 

22.2 

2.2 

116.8 

0199 

0133 

16 

APR 

1979 

106 

16:32:02 

99.2 

47518.5 

2.5 

22.2 

2.4 

121.5 

0201 

0135 

18 

APR 

1979 

108 

16:44:33 

102.4 

46965.0 

2.6 

22.2 

2.5 

124,7 

0202 

0137 

20 

APR 

1979 

110 

16:49:56 

105.6 

47006.1 

2.8 

22.1 

2.7 

127.9 
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Tab!* I (continued) 


Map# Orb# Date DOY HH:MM:SS Phase Range C e I e s t i a 

(Deg) (Km) SCLAT SCION SSLAT SSLON 


8203 

0138 

21 

APR 

1979 

111 

16:52:39 

107.2 

46995.5 2.8 

22.1 

2.7 

129.5 

0284 

0141 

24 

APR 

1979 

114 

17:02:02 

111.9 

44740.6 3.0 

22.1 

2.9 

134.2 

0205 

0142 

25 

APR 

1979 

115 

17:16:28 

113.7 

45564.7 3.8 

21.8 

2.9 

135.8 

02 06 

0144 

27 

APR 

1979 

117 

17:28:06 

117.0 

44643.1 4.5 

21.6 

3.0 

139.0 

0214 

0173 

27 

MAY 

1979 

147 

81:48:82 

137.6 

49725.0 -36.0 

34.8 

3.2 

-174.4 

0215 

0173 

27 

MAY 

1979 

147 

06:28:18 

150.1 

64889.8 -22.6 

29.4 

3.2 

-174.1 

0213 

0174 

27 

toY 

1979 

147 

23:48:24 

129.5 

37396.9 -45.0 

39.3 

3.2 

-173.0 

0219 

8174 

28 

MAY 

1979 

148 

03:49:05 

145.2 

58842.2 -29.1 

31.7 

3.2 

-172.7 

0220 

0175 

28 

MAY 

1979 

148 

08:42:26 

155.9 

66380.0 -17.1 

27.4 

3.2 

-172.4 

0223 

0175 

29 

MAY 

1979 

149 

02:81:07 

140.8 

51901.5 -34.4 

34.1 

3.1 

-171.2 

0231 

0177 

31 

MAY 

1979 

151 

03:16:28 

147.3 

58102.4 -29.6 

32.2 

3. 1 

-148.0 

0232 

0177 

31 

MAY 

1979 

151 

98:06:46 

158.8 

66351.5 -17.7 

27.9 

3.0 

-167.6 

0237 

0178 

1 

JUN 

1979 

152 

01:23:05 

142.3 

50401.5 -35.3 

34.6 

3.0 

-166.5 

0241 

0179 

2 

JUN 

1979 

153 

01:36:23 

143.2 

51112.7 -35.1 

34.5 

3.0 

-144.9 

0242 

0130 

3 

JUN 

1979 

154 

01:39:31 

143.5 

59453.5 -35.4 

34.4 

2.9 

-163.3 

0243 

0181 

4 

JUN 

1979 

155 

06:11:63 

157.2 

45067.5 -22.9 

29.7 

2.9 

-141.4 

0244 

0182 

5 

JUN 

1979 

156 

01:47:31 

144.1 

49933.1 -35.9 

34.8 

2.8 

-160.1 

0245 

0182 

5 

JUN 

1979 

156 

06:19:11 

157.9 

65063.9 -22.9 

29.7 

2.8 

-159.8 

0246 

0225 

17 

JUL 

1979 

198 

17:25:44 

113.6 

47577.3 3.1 

22.8 

-0.7 

-91.6 

0243 

0226 

13 

JUL 

1979 

199 

17:22:32 

112.1 

47811.3 2.9 

22.1 

-0.8 

-90.0 

0261 

0238 

30 

JUL 

1979 

211 

17:28:35 

92.8 

47562.9 3.1 

22.1 

-1.9 

-70.6 

0262 

8241 

2 

AUG 

1979 

214 

17:52:45 

87.6 

45524.3 4.4 

21.7 

-2.1 

-65.7 

0269 

0246 

7 

AUG 

19/9 

219 

17:07:29 

80.4 

50308.1 1.1 

22.7 

-2.5 

-57.4 

0303 

0292 

23 

SEP 

1979 

266 

04:44:09 

37.6 

47773.2 -36.8 

35.4 

-2.9 

17.3 

0304 

0293 

24 

SEP 

1979 

267 

04:53:18 

37.0 

47734.9 -36.8 

35.4 

-2.3 

19.4 

0305 

0294 

25 

SEP 

1979 

268 

05:03:58 

36.5 

47798.7 -36.8 

35.4 

-2.8 

21.0 

0313 

0303 

3 

OCT 

1979 

276 

14:10:36 

14.7 

66733.0 -15.1 

27.2 

-2.3 

34.5 

0422 

0310 

11 

OCT 

1979 

284 

11:14:03 

27.7 

63611.9 -23.9 

30.1 

-1.6 

47.1 

0425 

0311 

12 

OCT 

1979 

285 

11:19:21 

28.7 

63559.3 -23.9 

30.1 

-1.6 

43.7 

0423 

0312 

13 

OCT 

1979 

286 

11:23:42 

29.8 

63468.5 -24.0 

30.1 

-1.5 

50.3 

0431 

0313 

14 

OCT 

1979 

287 

11:31:58 

30.9 

43530.1 -23.9 

30.1 

-1.4 

51.9 

0434 

0314 

15 

OCT 

1979 

288 

11:32:36 

32.1 

63336.2 -24.1 

30.2 

-1.3 

53.5 
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Table I (continued) 

Map# Orb# Date DOY HH:MM:SS Phase Range C e 1 e s t i a 

(Deg) (Km) SCLAT SCLON SSLAT SSLQN 


0437 

0315 

14 

OCT 

0440 

0314 

17 

OCT 

8445 

0313 

19 

OCT 

0451 

0320 

21 

OCT 

0453 

0321 

22 

OCT 

0449 

0324 

24 

OCT 

0492 

0329 

38 

OCT 

0495 

0333 

2 

NOV 

0494 

0333 

3 

NOV 

0497 

0333 

3 

NOV 

0498 

0334 

3 

NOV 

0499 

0334 

4 

NOV 

0508 

0334 

4 

NOV 

0501 

0334 

4 

NOV 

0502 

0335 

5 

NOV 

0503 

0334 

4 

NOV 

0584 

0334 

4 

NOV 

0505 

0337 

4 

NOV 

8584 

0337 

7 

NOV 

0507 

0337 

7 

NOV 

0508 

0337 

7 

NOV 

0509 

0338 

7 

NOV 

0510 

0338 

8 

NOV 

0511 

0333 

8 

NOV 

0512 

0338 

3 

NOV 

0513 

0339 

8 

NOV 

0514 

0339 

o 

NOV 

8515 

0339 

? 

NOV 

8514 

0339 

9 

NOV 

0517 

0340 

9 

NOV 

0518 

0340 

10 

NOV 

0521 

0341 

11 

NOV 

8523 

0342 

11 

NOV 

9524 

0342 

12 

NOV 

0527 

0343 

13 

NOV 

8530 

0344 

14 

NOV 

8542 

0349 

19 

NOV 


1979 289 11:35:29 
1979 298 11:38:84 
1979 292 18:84:42 
1979 294 18:45:31 
1979 295 09:47:21 
1979 297 22:51:87 
1979 303 13:24:23 
1979 304 23:58:55 
1979 307 89:44:27 
1979 307 14:31:02 
1979 307 19:41:10 
1979 308 00:81:33 
1979 308 09:51:47 
1979 308 14:32:52 
1979 309 89:55:35 
1979 318 99:58:29 
1979 318 14:33:24 
1979 310 19:44:21 
1979 311 00:89:12 
1979 311 18:01:51 
1979 311 14:34:42 
1979 311 19:43:58 
1979 312 88:12:22 
1979 312 10:04:04 
1979 312 14:34:17 
1979 312 19:45:29 
1979 313 00:15:01 
1979 313 10:07:49 
1979 313 14:35:44 
1979 313 19:45:51 
1979 314 00:17:58 
1979 315 00:21:34 
1979 315 19:49:24 
1979 314 00:24:38 
1979 317 08:24:44 
1979 318 00:30:45 
1979 323 01:32:55 


33.3 43203.2 -24.3 

34.4 43081.4 -24.4 

38.7 57888.4 -29.1 

48.5 5<>440.4 -27.8 

42.8 55413.9 -31.0 

44.8 48394.2 3.2 

51.8 43985.4 -23.3 

41.247215.2 4.1 

58.2 49304.3 -35.3 

57.7 45242.9 -21.5 

59.2 43895.9 -9.5 

42.7 47524.9 3.9 

59.4 49400.9 -35.3 

59.1 45118.9 -21.7 

48.7 49288.9 -35.4 

41.9 48918.3 -35.4 

42.1 44827.0 -22.2 

43.8 44383.0 -18.1 

47.2 48458.0 3.2 

43.2 48457.3 -35.8 

43.5 44487.7 -22.4 

45.3 44594.2-10.4 

48.8 48725.3 3.0 

44.5 48395.3 -34.0 

45.8 44544.5 -22.5 

44.9 44710.9 -10.4 

70.3 49020.4 2.3 

45.7 48095.7 -34.2 

44.4 44353.2 -22.8 

48.4 44879.2 -10.8 

71.3 49375.0 2.4 

73.3 49542.7 2.4 

71.5 45075.4 -11.1 

74.8 49783.2 2.2 

74.3 50159.8 2.8 

77.9 50279.7 1.9 

84.447109.1 4.1 


30.2 

-1.2 

55.1 

30.3 

-1.1 

54.7 

32.0 

-1.0 

59.8 

31.5 

-0.3 

43.8 

32.4 

-0.7 

44.4 

21.9 

-0.4 

48.4 

29.8 

0.1 

77.S 

21.8 

0.4 

83.8 

34.3 

0.4 

83.4 

29.2 

0.5 

83.9 

25.4 

0.5 

34.3 

21.8 

0.5 

84.5 

34.3 

0.5 

85.2 

29.3 

0.4 

85.5 

34.3 

0.4 

84.8 

34.4 

0.7 

88.4 

29.4 

8.7 

88.7 

25.8 

0.8 

89.0 

22.1 

0.8 

89.3 

34.4 

0.8 

90.0 

29.5 

8.8 

98.3 

25.9 

0.3 

90.4 

22.1 

0.9 

90.9 

34.5 

0.9 

91.5 

29.5 

0.9 

91.8 

25.9 

0.9 

92.2 

22.2 

1.0 

92.5 

34.4 

1.0 

93.1 

29.4 

1.8 

93.4 

24.0 

1.0 

93.8 

22.3 

1.0 

94. 1 

22.3 

1.1 

95.4 

24.1 

1.2 

94.9 

22.4 

1.2 

97.2 

22.5 

1.3 

98.3 

22.5 

1.4 

100.4 

2i .9 

1.3 

103.4 
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Table I (continued) 


n 


Map# Orb# Date DOY HHjMMiSS Phase Range C e 1 e s t i a 

(Deg) (Km) SCLAT SCION SSIAT SSLON 


0543 

0350 

28 

NOV 

1979 

324 

01:34:18 

87.9 

47396.9 

3.9 

22.0 

1.9 

110.0 

0548 

0351 

21 

NOV 

1979 

325 

e1845*67 

89.5 

46848.6 

4.3 

21.9 

2.0 

111.6 

0550 

0352 

22 

NOV 

1979 

326 

01:47:27 

91.1 

47159.3 

4.1 

21.9 

2.0 

113. 1 

0551 

0354 

23 

NOV 

1979 

327 

21*36:21 

90.7 

63816.5 

-9.5 

25.7 

2.2 

116.0 

0558 

0360 

30 

NOV 

1979 

334 

02:25:52 

103.7 

47057.6 

4.1 

21.9 

2.6 

125.8 

0559 

0361 

38 

NOV 

1979 

334 

22:08:39 

101.7 

63746.0 

-V .5 

25.7 

2.6 

127.1 

0560 

0361 

1 

DEC 

1979 

335 

02:26:33 

105.2 

47355.9 

3.9 

22.0 

2.6 

127.4 

0561 

0362 

1 

DEC 

1979 

335 

22:12:50 

103.3 

63722.1 

-9.5 

25.7 

2.7 

128.7 

0562 

0362 

2 

DEC 

1979 

336 

02:27:14 

106.7 

47571.6 

3.7 

22.8 

2.7 

129.0 

0363 

0364 

3 

DEC 

1979 

337 

22:21:09 

106.5 

63622.3 

-9.4 

25.6 

2.8 

131.9 

0570 

0366 

6 

DEC 

1979 

340 

02:39:37 

113.0 

47626.9 

3.6 

22.0 

2.9 

135.3 

0572 

0367 

7 

DEC 

1979 

341 

02:41:25 

114.6 

47703.6 

3.6 

22.0 

3.0 

136.9 

0573 

0368 

7 

DEC 

1979 

341 

22:20:21 

112.6 

64019.5 

-9.9 

25.8 

3.0 

138.2 

0574 

0368 

8 

DEC 

1979 

342 

02:43:12 

116.2 

47759-9 

3.5 

22.0 

3.0 

138.5 

0575 

0369 

8 

DEC 

1979 

342 

22:22:08 

114.2 

64036.5 

-10.0 

25.8 

3.0 

139.8 

0576 

0369 

9 

DEC 

1979 

343 

02:45:02 

117.7 

47818,8 

3.5 

22.1 

3.0 

140.1 

0577 

0370 

9 

DEC 

1979 

343 

22:22:13 

115.7 

64107.5 

-10.1 

25.8 

3.1 

141.4 

0378 

0370 

10 

DEC 

1979 

344 

02:45:56 

119.3 

48040.4 

3.3 

22.1 

3.1 

141.7 

0579 

0371 

10 

DEC 

1979 

344 

22:21:56 

117.2 

64212.1 

-10.2 

25.9 

3.1 

143.0 

0580 

0371 

11 

DEC 

1979 

345 

02:46:40 

120.8 

48165.1 

3.2 

22.1 

3.1 

143.3 

0381 

0394 

2 

JAN 

1980 

802 

22:28:20 

153.3 

63289.2 

-9.2 

25.5 

3.3 

179.5 

0583 

0394 

3 

JAN 

1980 

003 

11:21:14 

130.7 

42610.7 

-39.9 

36.9 

3.3 

-179.7 

0584 

0394 

3 

JAN 

1980 

003 

15:11:33 

142.7 

60550.5 

-26.5 

31.1 

3.3 

-179.4 

8 ”87 

0395 

4 

JAN 

1980 

004 

04:19:15 

156.1 

35089.2 

13.3 

18.3 

3.3 

-178.6 

0388 

0395 

4 

JAN 

1980 

004 

11:88:02 

130.9 

41494.8 

-40.7 

37.3 

3.3 

-178.1 

0589 

0395 

4 

JAN 

1980 

004 

14:53:12 

143.3 

59802.5 

-27.1 

31.4 

3.3 

-177.9 

8590 

0396 

4 

JAN 

1980 

004 

19:52:19 

152.9 

66368.1 

-15.1 

27.3 

3.3 

-177.5 

0592 

0396 

5 

JAN 

1980 

005 

04:16:17 

157.2 

34973.0 

13.4 

18.8 

3.2 

-177.0 

0597 

0397 

6 

JAN 

1980 

006 

04:12:35 

158.2 

34898.5 

13.5 

18.7 

3.2 

-175.4 

0599 

0397 

6 

JAN 

1980 

006 

14:48:24 

145.7 

59985.7 

-26.9 

31.3 

3.2 

-174.7 

0684 

0398 

7 

JAN 

1980 

007 

14:43:01 

146.7 

59961.2 

-26.9 

31.3 

3.2 

-173.1 

0607 

0399 

8 

JAN 

1930 

008 

04:02:35 

160.1 

34945.6 

13.5 

18.7 

3.2 

-172.2 

8608 

0399 

8 

JAN 

1980 

008 

10:50:35 

134.3 

41517.4 

-40.6 

37.3 

3.1 

-171.8 

0609 

0399 

3 

JAN 

1980 

008 

14:35:29 

147.6 

59794.8 

-27.0 

31.4 

3.1 

-171.5 

0610 

0480 

8 

JAN 

1980 

008 

19:33:29 

158.3 

66324.5 

-15.0 

27.3 

3.1 

-171.2 

0612 

0400 

9 

JAN 

1988 

009 

83:55:53 

161.1 

35152.4 

13.3 

18.7 

3.1 

-170.6 

0613 

0400 

9 

JAN 

1980 

009 

10:45:04 

135. 1 

41578.2 

-40.5 

37.3 

3.1 

-170.2 

0614 

0400 

9 

JAN 

1980 

009 

14:30?10 

148.6 

59876,7 

-27.0 

31.4 

3.1 

-169.9 

0617 

0401 

10 

JAN 

1980 

010 

10:52:47 

135.9 

41715.4 

-40.5 

37.3 

3.1 

-168.6 

0618 

0401 

10 

JAN 

1980 

010 

14:39:52 

149.6 

68153.7 

-26.9 

31.3 

3.1 

-168.3 


: i 


n 


o 

D 
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n 
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Table I (continued) 


Map* Orb* Date DOY HH:MM:SS Phase Range Celestial 

(Deg) (Km) SCLAT SCLGN SSLAT SSLON 


0419 

0402 

10 

JAN 

1980 

010 

19:41:11 

148.7 

44731.2 

-14.9 

27.2 

3.1 

-148.0 

0425 

0403 

12 

JAN 

1980 

012 

17:53:27 

158.9 

44207.1 

-19.4 

28.7 

3.0 

-144.9 

0424 

8404 

13 

JAN 

1980 

013 

12:19:23 

143.4 

48932.8 

-35.3 

34.8 

2.9 

-143.7 

0427 

0404 

13 

JAN 

1980 

013 

14:41:53 

154.7 

44418.8 

-22.4 

29.7 

2.9 

-143.4 

0428 

8405 

14 

JAN 

1980 

014 

12:24:24 

143.9 

48842.4 

-35.4 

34.8 

2.9 

-142.1 

0432 

0407 

14 

JAN 

1980 

014 

12:37:44 

145.3 

49035.0 

-35.1 

34.7 

2.8 

-158.9 

0435 

0408 

17 

JAN 

1980 

017 

12:34:45 

145.4 

48539.0 

-35.5 

34.9 

2.7 

-157.3 

0434 

0408 

17 

JAN 

1988 

017 

17:11:49 

159.7 

44451.4 

-22.0 

29.4 

2.7 

-157.0 

0438 

0409 

18 

JAN 

1980 

018 

12:41:38 

145.9 

48431.3 

-35.4 

34.9 

2.7 

-155.7 

0445 

0422 

31 

JAN 

1980 

031 

03:02:39 

157.0 

49534.4 

2.7 

21.9 

1.8 

-135.5 

0448 

8424 

1 

FEB 

1980 

032 

22:44:58 

154.9 

44333.2 

-9.9 

25.7 

1.4 

-132.4 

8449 

0424 

2 

FEB 

1988 

033 

83:84:51 

153.8 

49205.9 

3.0 

21.9 

1.4 

-132.3 

8450 

0425 

2 

FEB 

1980 

033 

22:49:14 

155.4 

44140.1 

-9.4 

25.4 

1.4 

-13 :.0 

0451 

8425 

3 

FEB 

1988 

034 

03:04:49 

152.1 

48927.4 

3.2 

21.8 

1.5 

-130.7 

0452 

6424 

3 

FEB 

1988 

034 

22:54:88 

153.8 

43939.4 

-9.4 

25.5 

1.5 

-129.4 

6453 

0424 

4 

FEB 

1980 

835 

03:09:33 

150.5 

48545.4 

3.5 

21.7 

1.5 

-129.1 

0454 

0428 

5 

FEB 

1980 

034 

22:57:89 

158.7 

4:754.8 

-9.1 

25.5 

1.3 

-124.2 

0440 

0430 

8 

FEB 

1980 

039 

02:50:34 

144.8 

50941.8 

1.9 

22.2 

1.1 

-122.7 

0444 

0432 

10 

FEB 

1980 

041 

03:02:85 

141.4 

50748.5 

2.1 

22.2 

0.9 

-119.5 

0444 

0433 

11 

FEB 

1980 

042 

03:08:11 

140.0 

50414.8 

2.2 

22.2 

8.8 

-117.9 

0448 

0434 

12 

FEB 

1980 

043 

03:13:32 

138.4 

50413.5 

2.2 

22.2 

0.7 

-114.3 

0472 

0^27 

14 

FEB 

1980 

045 

23:27:09 

134.4 

44247.7 

-9.4 

25.4 

0.5 

-111.7 

0473 

0437 

15 

FEB 

1980 

044 

83:31:07 

133.5 

56144.8 

2.4 

22.1 

0.4 

-111.4 

0474 

0439 

14 

FEB 

1988 

047 

23:39:59 

133.4 

44144.8 

-9.3 

25.4 

0.3 

-108.5 

0477 

0439 

17 

FEB 

1980 

048 

03:42:27 

130.2 

49974.2 

2.7 

22.1 

0.3 

-108.2 

8478 

0440 

17 

FEB 

1980 

048 

23:44:25 

131.7 

44071.4 

-9.2 

25.5 

0.2 

-104.8 

0479 

0448 

18 

FEB 

1980 

049 

03:43:09 

128.4 

49811.8 

2.9 

22.1 

0.2 

-104.4 

0483 

0442 

20 

FEB 

1980 

851 

03:59:21 

125.4 

49585.4 

3.0 

22.1 

-0.0 

-103.3 

8435 

0459 

8 

MAR 

1980 

048 

13:51:53 

105.3 

41144.2 

-40.4 

34.4 

-1.4 

-75,2 

0484 

0459 

8 

MAR 

1980 

048 

18:00:29 

103.2 

40984.4 

-25.7 

30.4 

-1.4 

-74.9 

0487 

0440 

8 

MAR 

1988 

648 

23:07:83 

180.7 

44411.7 

-13.5 

24.8 

-1,7 

-74.4 

0488 

8440 

9 

MAR 

1980 

049 

03:44:52 

97.7 

55423.1 

-1.4 

23.5 

-1.7 

-74.3 

0490 

0440 

9 

MAR 

S0 

049 

13:48:22 

104. 1 

40534.4 

-41.0 

34.8 

-1.7 

-73.4 

0491 

0440 

9 

MAR 

1940 

049 

18:04:58 

101.7 

41153.3 

-25.5 

30.4 

-1.7 

-73.3 

0493 

0441 

10 

MAR 

1980 

070 

03:50:33 

94.0 

55348.7 

-1.3 

23.4 

-1.3 

-72.4 

8494 

8441 

10 

MAR 

1988 

070 

07:21:13 

91.4 

33714.7 

15.3 

18.8 

-1.8 

-72.4 

0495 

0441 

10 

W,R 

1980 

078 

13:54:38 

102.8 

40954.4 

-40.7 

34.7 

-1.8 

-72.0 

0494 

0441 

10 

MAR 

1980 

070 

18:14:57 

100.2 

41398.5 

-25.3 

30.5 

-1.8 

-71.7 

8497 

0442 

10 

MAR 

1980 

070 

23:20:43 

97.4 

44384.2 

-13.2 

24.8 

-1.8 

-71.3 

0498 

0442 

11 

MAR 

1980 

071 

03:57:08 

94.3 

55038.9 

-1.0 

23.4 

-1.8 

-71.0 
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Tab!* I (continued) 

Map# Orb# Dat* DOY HHsMMtSS Pha»* Rang* C • 1 • t t i a I 

(D*g) (Km) SCLAT SCLON SSLAT SSLON 


04?? 

0442 

11 

MAR 

1988 

071 

07»23i09 

90.1 

33755.4 15.3 

18.8 

-1.9 

-70.8 

0700 

8442 

11 

MAR 

1988 

071 

13159124 

101.5 

41247.0 -40.5 

34.4 

-1.9 

-70.3 

9701 

0442 

11 

MAR 

1980 

071 

18:21z 03 

98.4 

41405.9 -25.1 

38.4 

-1.9 

-70.0 

8793 

0443 

12 

MAR 

1980 

072 

03:59:40 

92.7 

55083.5 -1.1 

23.4 

-1.9 

-49.4 

0784 

0463 

12 

MAR 

1980 

072 

07:27:01 

88.5 

33543.4 15.5 

18.8 

-1.9 

-49.1 

0785 

8443 

12 

MAR 

1980 

072 

15:37:28 

99.0 

50892.5 -33.4 

33.5 

-2.0 

-48.4 

0784 

0443 

12 

MAR 

1988 

072 

20:14:28 

94.1 

45394.5 -20.5 

28.9 

-2.8 

-48.3 

0707 

0444 

13 

MAR 

1980 

873 

01:24:17 

93.0 

43413.4 -8.5 

25.4 

-2.0 

-47.9 

0788 

8444 

13 

MAR 

1988 

073 

85:38:12 

89.4 

44902.8 4.9 

21.8 

-2.0 

-47.4 

0713 

0444 

15 

MAR 

1988 

075 

15:08:24 

95.3 

47441.0 -35.9 

34.4 

-2.2 

-43.8 

0715 

0447 

14 

MAR 

1988 

074 

15:12:45 

94.0 

47897.3 -35.7 

34.4 

-2.3 

-42.1 

0714 

0447 

14 

MAR 

1980 

074 

19:43:40 

90.3 

44297.5 -22.1 

29.5 

-2.3 

-41.8 

0717 

0448 

17 

MAR 

1988 

077 

15:15:13 

92.4 

47944.8 -35.7 

34.4 

-2.3 

-40.5 

0718 

0448 

17 

MAR 

1980 

077 

19:48:39 

88.8 

44391.8 -22.0 

29.4 

-2.3 

-40.2 

071? 

0449 

18 

MAR 

1980 

078 

15:17:50 

91.2 

47994.2 -35.7 

34.4 

-2.4 

-58.9 

0720 

0449 

18 

MAR 

1980 

078 

19:49:5? 

87.3 

44349.1 -22.0 

29.4 

-2.4 

-58.4 

0721 

0470 

19 

MAR 

1988 

07? 

15:19:24 

89.9 

48029.3 -35.4 

34.4 

-2.5 

-57.3 

0722 

0470 

1? 

MAR 

1980 

07? 

19:52:40 

85.7 

44399.7 -22.0 

29.4 

-2.5 

-54.9 

0724 

0471 

20 

MAR 

1980 

080 

83:32:08 

78.4 

48749.3 3.5 

22.2 

-2.5 

-54.3 

0728 

0472 

21 

MAR 

1988 

081 

19:58:04 

82.4 

44470.4 -21.9 

29.4 

-2.4 

-53.7 

072? 

8473 

22 

MAR 

1980 

082 

15:25:59 

85.8 

48093.5 -35.4 

34.4 

-2.7 

-52.4 

0730 

8473 

22 

MAR 

1988 

082 

20:00:5? 

81.1 

44479.0 -21.9 

29.4 

-2.7 

-52.1 

0731 

0478 

27 

MAR 

1980 

087 

15:34:52 

79.1 

48887.0 -35.4 

34.4 

-2.9 

-44.2 

0733 

0557 

14 

JUN 

1980 

144 

04:54:00 

40.3 

49484.7 3.4 

22.8 

0.4 

82.3 

8734 

0557 

14 

JUN 

1988 

144 

14:"5:22 

57.3 

47274.7 -35.5 

34.4 

9.4 

83.0 

0735 

0558 

15 

JUN 

1980 

147 

02:28:35 

58.3 

45170.5 -10.0 

25.9 

0.4 

83.4 

0734 

0558 

15 

JUN 

1980 

147 

04:54:20 

41.8 

50033.1 3.4 

22.1 

0.5 

83.9 

0748 

0559 

14 

JUN 

1980 

148 

14:51:51 

40.8 

44484.7 -35.9 

34.7 

0.4 

84.1 

0742 

0540 

17 

JUN 

1980 

149 

02:54:27 

41.7 

44573.1 -9.1 

25.4 

0.4 

84.8 

9743 

0548 

17 

JUN 

1980 

149 

07:22:34 

45.2 

48755.8 4.3 

21.9 

0.4 

87.1 

0744 

0587 

14 

JUL 

1980 

194 

10:07:30 

108.0 

44590.2 5.8 

21.4 

2.7 

130.0 

8747 

0589 

14 

JUL 

1980 

198 

05:44:15 

107.4 

43807.5 -8.3 

25.5 

2.8 

132.8 

0748 

0589 

14 

JUL 

1980 

198 

10:07:42 

111.0 

47284.3 5.2 

21.7 

2.3 

133.1 

0749 

0598 

17 

JUL 

1980 

199 

10:18:35 

112.7 

44575.4 5.7 

21.4 

2.9 

134.7 

0750 

8591 

18 

JUL 

1980 

200 

0o:01:23 

110.8 

43523.0 -8.0 

25.4 

2.9 

134.0 

0751 

0591 

18 

JUL 

1980 

200 

10:21:51 

114.2 

44540.4 5.8 

21.4 

2.9 

134.3 

0752 

0592 

19 

JUL 

1980 

201 

04:04:34 

112.4 

43527.0 -8.0 

25.4 

3.0 

137.4 

0753 

0592 

19 

JUL 

1980 

201 

10:24:34 

115.8 

44405.0 5.9 

21.5 

3.0 

137.9 

8754 

8593 

20 

JUL 

1980 

202 

04:04:33 

114.0 

43554.2 -8.0 

25.4 

3.0 

139.2 

0755 

9593 

26 

JUL 

1980 

202 

10:27:14 

117.4 

44402.4 5.7 

21.4 

3.0 

139.5 
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Tabl# I (continuad) 

Map# Orb# Data DOY HHsMMtSS Phaaa Rang* C • ! • a t i a 1 

(Dag) (Km) SCLAT SCLON SSLAT SSLON 


0757 

0594 

21 

JUL 

1980 

203 

10:31s17 

118.9 

46517.5 

5.8 

21.6 

3.1 

141.1 

075? 

0595 

22 

JUL 

1980 

204 

10:19:49 

120.3 

47953.1 

4.7 

21.8 

3.1 

142.6 

0760 

0594 

23 

JUL 

1980 

205 

06:00:44 

118.5 

64046.0 

-8.7 

25.6 

3.1 

143.9 

0741 

0594 

23 

JUL 

1980 

205 

10:21:35 

121.9 

48044.9 

4.7 

21.9 

3.1 

144.2 

0742 

0597 

24 

JUL 

1980 

206 

04:01:47 

120.0 

64107.9 

-8.7 

25.6 

3.2 

145.5 

8763 

0597 

24 

JUL 

1980 

206 

10t23:.9 

123.5 

48103.3 

4.4 

21.9 

3.2 

145.8 

0744 

0598 

25 

JUL 

1980 

207 

06:02:27 

121.6 

64158.2 

-8.8 

25.4 

3.2 

147.1 

0745 

8598 

25 

JUL 

1980 

207 

10:24:50 

125.0 

48294.8 

4.5 

21.9 

3.2 

147.4 

0748 

0600 

27 

JUL 

1980 

20? 

06:11:42 

124.7 

44295.6 

-9.0 

25.7 

3.3 

150.3 

0769 

0600 

27 

JUL 

1980 

209 

18:35:45 

128.2 

48542.7 

4.3 

21.9 

3.3 

150.6 
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Tabl # II. 

Row 

Ob*#rvation* u**d in Fi 

Column Map # Pha** 

1 

1 

lie 

l.lo 

1 

2 

184 

4.0 

1 

3 

94 

11.9 

1 

4 

313 

14.7 

1 

3 

140 

20.1 

1 

6 

127 

24.0 

2 

1 

428 

29.8 

2 

2 

93 

33.4 

2 

3 

47 

40.0 

2 

4 

5 6 

44.2 

2 

3 

172 

48.3 

2 

4 

83 

53.4 

3 

i 

500 

39.1 

3 

2 

309 

45.3 

3 

3 

34 

70.9 

3 

4 

324 

74.8 

3 

3 

191 

80.4 

3 

4 

342 

84.4 

4 

1 

708 

89.4 

4 

2 

194 

94.5 

4 

3 

199 

99.1 

4 

4 

21 

105.8 

4 

5 

10 

109.9 

4 

4 

377 

113.7 

5 

1 

578 

119.3 

5 

2 

483 

125.4 

5 

3 

218 

129.5 

3 

4 

417 

135.9 

3 

3 

223 

140.8 

5 

4 

219 

143.2 
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Tabie III. lati tudinaM y averaged results on the movements of polarization 
features. Bin width is 15o 0 * latitude. 


Wavelength Latitude Number 


270 nm 59.8° 1 

43.0 1 

21.7 3 

6.0 1 

-5.5 4 

-18.3 3 

-35.0 3 

-53.5 2 

365 nm 34.3 6 

24.0 5 

7.4 11 

-4.5 19 

-19.S 11 

-35.1 11 

-60.3 3 

550 nm 48.3 2 

35.5 4 

18.5 7 

5.6 13 

-6.4 22 

-19.9 11 

-36.8 4 

-47.3 2 

935 nm -8.9 3 

-22.7 3 

-38.5 4 


Avg. Zona! speed RMS Deviation 


-27.8 ms“l 

- 

-98.9 

- 

-129.3 

79.5 

-80.7 

- 

-92.4 

20.1 

-86.4 

0.2 

-128.3 

14.3 

-76.8 

16.6 

-42.2 

14.9 

-74.4 

13.9 

-79.4 

22.4 

-62.4 

25.2 

-73.5 

24.8 

-67.9 

19.5 

-45.1 

0.6 

-34.4 

_ 

-50.9 

11.3 

-63.2 

20.1 

-63.6 

27.1 

-79.7 

23.3 

-56.8 

15.3 

-93.7 

42.2 

-63.7 

- 

-66.3 

27.4 

-66.7 

31.7 

-70.1 

24.3 
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(1 


133 1 12.30 80- 136.20 111- 0.63116 RSO- 0.76323 8- 2038 ZEN< 83.00 

133 2 12.80 RO- 6110.78 81- 0.83186 RSO- 0.63078 8- 2020 ZEN< 83.00 

133 3 12.80 80- 1102.31 81- 1. 13360 RSO- 0.08822 N- 2032 ZEN« 83.00 

133 1 12.80 80- 3001.33 81- 1.08810 RSO- 0.38813 M- 1330 ZER< 83.00 
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Polarization Feature* on U#nu* 
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Polirizatlon F**tur** on Y«nui 















ORIGINAL PAGE 19 
OF POOR QUALITY 










Polarization Features on Venus 


































270 



Figure 9c 


Polarization Features on Venus 

















Polarization Feature* on Venus 


ORIGINAL PAGE 19 
OF POOR QUALITY 



Figure 10a 
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Figure 10f 
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Figure 12a 
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